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In this paperwe review the mostrecentresultsconcerningd Baryonsat CDF andDO, including
the obsenationandthe studyof the propertiesof the Q. , = andef(*), the obsenationof new
/\8 decaymodesandanew measuremertf thelifetime of theb hadronsn decayswith aJ/y.
The Q_ baryonis obsered throughthe decaychain Q, — J/¢Q~, whered/¢ — u*u-,
Q- — AK~, and A — pK~, using 4.2 fb~1 of data. The Q, massis measuredto be
6054.4+6.8(stat.}-0.9(syst.)MeV/c?, andthelifetime 1.13533(stat.}-0.02(syst.)ps.

For the = the massis measured5790.9-2.6(stat.}-0.8(syst.) MeV/c? and the lifetime
1.56'2X(stat.}£0.02(syst.)ps.

A new accurate measurementof the properties of the resonanceszb+ v Zpo Z;* , and
Z,” has been performed in 6 fb~1 of data, and the masseshave been determined,
m(%)) = 5811.2°03(statr1.7(syst.), m(Z,) = 5815.50%(stat.r1.7(syst.), mZ;") =
5832.0£0.7(stat.}-1.8(syst.),andm(Z; ") = 5835.0+0.6(stat.}:-1.8(syst.).

The A) — Afm mtm decaymodehasbeenobsenedin 2.4 fo~1 of data,with the resonant
decaymodesA® — Ac(2595) ™ — Afm i, A — A(2625) T — NS, A —
Sc(2455mm — NS, andAD — 5¢(2459°m m — NSt

CDF has performed nev measurementf the b hadron lifetimes in decays with a
J/@. The measuredlifetimes are the currently most precise determinationof the B*,
B and /\8 lifetimes. The measuredvalues are ct(B*)=491.4+2.6(stat.}-2.6(syst.) um,
cr(B> )=451.74-3.0(stat.}=2.5(syst.) um, andcr(/\g):460.8i13.4(stat.3t4.1(s35t.) um.
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1. Introduction

B hadronsareatundantlyproducedatthe TevatronCollider, wherethe measured production
crosssectionis o(B™) = 2.78+0.24 ubfor pr(B*) > 6 GeV/cand| y |< 1 ([1]), andtheavailable
enegy allows the productionof the heavier Ay, Zp, = andQyp hadronsThechallengds extracting
signalsfrom backgroundvhich areordersof magnitudehigheratproduction.Thisis achievedwith
dedicateddetectorsaandtriggers.

The CDF Il tracker is madeof threesilicon detectorq[3]) anda drift chamber([4]) located
within a solenoidalmagneticfield. Particle identificationis performedwith the measuremenof
the specificionisationin the drift chamberand of the time of flight in a specificdetector([5]).
Segymentedelectromagneti@and hadroniccalorimeterssurroundthe tracking system([6]). The
muondetectorq[7]) arelocatedoutsidethe centralhadroncalorimeter CDF Il usesathree-leel
trigger system. The heartof the L1 triggeris the eXtremelyFast Tracler ([8]), the trigger track
processothat identifieschaged tracksin the drift chamber The L1 tracksare extrapolatedto
the calorimeterandto the muonchambergo generateslectronandmuontrigger candidatesThe
Online Silicon Vertex Tracker ([9]) is part of the L2 trigger It recevesthe L1 tracksandthe
digitised pulseheightson the axial layersof the silicon vertex detector It links the L1 tracksto
thesilicon hits andreconstructsrackswith offline-like quality, usedto selectonlinethe secondary
verticescharacteristiof theb eventsin specifictriggers.L3 triggerusesa CPUfarmwhich allows
to performanalmostoffline-quality reconstruction.

The DO detecto{10] usesanexcellentcentraltrackingsystemwhich consistof a silicon mi-
crostriptracker anda centralfiber tracker surroundedy a solenoidaimagnetandprovidessignals
to theLevel 2 andLevel 3 triggersystemso selecteventswith displacedserticesfrom b-quarkde-
cay TheDO calorimetersystemconsistf threesamplingcalorimetergprimarily uranium/liquid-
argon)andanintercryostatietectoiThemuonsystenusesproportionaldrift tubesmini drift tubes,
andtoroidalmagnetsandprovidesa coverageto | n |~ 2.0.

2. Observation and properties of the Q. and = baryons

TheQ, obserationis madeat DO[12] andCDF[11]throughthedecaychainQ, — J/yQ~,
whered /i — p*u—, Q- — AK~, andA — prr. The=, is reconstructethroughthesimilar de-
caymode=_ — J/Y=",wherel/y — u"u-,=" — Amr,andA\~ — prr asacrosscheckThe
CDFanalysisselectsvell-measured /( — u™ u~ candidatesywherethetwo-muoninvariantmass
is requiredwithin 80 MeV/c? of theworld-averagel /¢ massA candidatesiseall oppositechage
track pairswith pr > 0.4 GeV/cfoundin the chamber The proton(pion) massis assignedo the
trackwith the higher(lower) momentumywhichis correctfor the A candidatesisedin thisanalysis
for the kinematicsof the A decayandthe lower limit in the trans\ersemomentumacceptancef
thetrackingsystem.The additionaltracksareassignedhepion or kaonmassandAmr andAK ™
combinationsareidentifiedthatareconsistentwith the decayprocess~ — Amm or Q— — AK™.
Thechagedhyperoncandidatesiave anadditionalfit performedwith thethreetracksthatsimulta-
neouslyconstrainghe A and=" or Q~ masse®f theappropriatdérackcombinationsandprovides
the bestpossibleestimateof thehyperonmomentumanddecayposition. A significantbackground
reductionis achiered by requiringthe chagedhyperoncandidatedave track measurements at
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leastonelayer of the silicon detector The shorterlifetime of the Q— malkesthe silicon selection
not efficientin comperateo the =~. For this reasonsilicon detectorinformationon the hyperon
track is usedwhenit is available, but it is not imposedas a requirementfor the Q~ selection.
The hyperoncandidatesre combinedwith the J/¢ candidatedy fitting the five-trackstatewith

constraintsappropratdor eachdecaytopologyandintermediatehadronstate. The ™y~ massis

constrainedo the nominalJ/y mass,andthe hyperoncandidates constrainedo originatefrom

the J/ decayvertex. Thefits thatincludethe chagedhyperonconstrainthe A candidateracks
to thenominal\ massandthe=— andQ~ candidateso therespecire nominalmassesb-hadron
candidatesrerequiredto have pt > 6.0 GeV/candthe hyperonto have pr > 2.0 GeV/c. Figure
1 shavsthe CDF =) andQ, massdistributions.

CDF measuresa =, massto be 5790.9t2.6(stat.)-0.8(syst.) MeV/c? and the Q, to be
6054.4+6.8(stat.)}0.9(syst.) MeV/c?. The systematicerrorsare due to the uncertaintyon the
massscaleof the baryonsmeasuredvith the hyperonsin the final state,estimatedasthe mass
differencebetweenthe B® asmeasuredn the J/@K? andthe nominal B® massand rescaledior
the differentenegy measuredy the tracking systemin the two decaymodes. A systematicer
ror is dueto the dependencef the measurean the alternatve assumptiorto have a constantor
an event-by-e&ent massresolutionin thefit. A further systematids dueto the uncertaintyon the
Q™ mass.The =, lifetime is measuredo be 1.56f8:§g(stat.)t0.02(syst.) ps andthe lifetime of
the Q, to be 1.13° 8;28(stat.)t0.02(syst.) ps. The systematicerrorsare dueto the treatmentof
theresolutionon the properdecaylengthin thefit (2 um), to the detectomis-alignment1 pm).

The productionsof the =, and of the Q;, relative to the AQ arefound to be Ué—iig?&fig:i%f\?
0(Qp )BR(Q; —J/yQ")

= 0.167"9. 93 (stat.}-0.012(syst.) and ADBRN SN = 0.045 301 (stat.}-0.004(syst.). The
acceptancandreconstructiorefficiengy, determinedrom Monte Carlo,depend®n the pr distri-
bution at productionof the = andQ,’. The analysisassumeshatthe =~ andQ, areproduced
with the samepr distribution asthe/\g. Theuncertaintyon the efficienciescontainscontritutions
dueto f,\g, to theMonteCarlosamplesize,to the simulationof thetrackingsystemto the=— and
Q" branchingractions,to the uncertaintyonthe/\g yield.

DO performedthe first obseration of the = in 1.3 fo~! of data[13] and measuredhe
massto be 5774+11(stat.}15(syst.) MeV/c?. DO obsered also a signal of 17.8+4.9 events
of Q. with a significanceof 5.40 is the samedecaymodeas CDF. The measured?, massis
6.165+10(stat.):13(syst.) shavs a discrepang of ~ 60 from CDF. A new analysiswhich uses
five timesmorestatisticds currentlyin progresst DO to understandhe orgin of this discrepang

3. Measurement of the resonance properties of the Z, and Zj baryons

TheZ, ands;} stateshave beenobseredat CDF asresonances the AJ = masddistributions,
whereAl — A - andA{ — pK~mrt, using1.1fb~! of data[14]. The A7 statesareinterpreted
asthelowest-lyingchagedzy baryonsandarelabeledzé*). CDF hasrecentlyperformedanupdate
of thisanalysisusing6 fo~* of data.In reconstructinghedecays\? — A$ m andA{ — pK—
the protonfrom the A decayandthe it~ from the/\g decaymusthave pr > 0.5 GeV/c. Al com-
binatorialbackgrounds alsosuppressedly requiring pr(p) > pr(m"). The A{ daughtertracks
are 3-D constrainedo originatefrom a single point andthe Al candidates constrainedo the
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Figure 1: (Left plot) The invariant massdistributions of (a) J/@=" and (b) J/@Q~ combinationsfor
candidatesvith ct > 100 um reconstructeét CDF. The projectionsof the unbinnedmassfit areindicated
by theblueline; (Right plot) Thesolid histogramsepresenthenumberof (a) =, — J/@w=" and(b) Q, —
J/WQ~ candidatedoundin eachct bin. The dashechistogramis thefit value. (Right plot) /\8 lifetime fit
performedonthedata.

known A{ massandthe A{ momentumis extrapolatedo intersecthe 7~ momentumvectorto
form the/\g vertex. TheAf and/\g musthave pr above 4.5GeV/cand6.0 GeV/crespectiely. It
is alsorequestedt(A2) > 200 um andthe significancect(A)) /o4 > 12, andthe impactparam-
eterof the AY candidatel do(AD) |< 80 um. The reconstructiorof Zé*) proceeddy combining
/\8 candidatesn the /\8 signalregion with all remaininghigh quality tracks,with the pion mass
hypothesisusedwhencomputingthe invariantmassof the Zé*) candidate Narrov resonanceare
searchedh themasddifferencedistribution of Q = m(ASmT) — m(AD) — my. Selectioncutsareopti-
misedto maximisethe sensitvity of the search.Figure2 reportsthe Q distributionsreconstructed
in data. The main sourceof backgrounds the combinationof prompt/\g baryons,oB mesons
reconstructedis/\g baryons,with extra tracksproducedn the hadronizatiorof the b quark. An
unbinnedmaximumlikelihood fit determineshe massof the 3, = 5811.2 23 (stat.}-1.7(syst.)
(~470signalevents),themassof the%, =5815.5 8j§(stat.)tl.7(syst.)(z330 signalevents),the
massof the ;" = 5832.0:0.7(stat. )} 1.8(syst.) (=780 signalevents),andthe massof the &~ =
5835.0:0.6(stat.}-1.8(syst.) (=520 signal events). The systematicerrorsare dueto the uncer
tainty on the fit procedureon the uncertaintieson the momentumscaleand on the assumptions
madein the fitter, which include the fixed parameterslescribingthe detectorresolutionandthe
modeldescribingthe background.A more accuratedescriptionof this analysiscanbe foundin
[15].

4. Charm baryon spectroscopy

CDFhasperformecananalysisof theexcitedcharmbaryonsAZ (2595, Af (2625, 50" (2455
andz2""(2520) reconstructeih the strongdecayso the A$ groundstate(A;+ — Af " and
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Figure2: (Left plot) Z;M fit to the A2~ subsample(Right plot) Z;(*) fit to the AQr* subsample.

s0++ - AZm ). The analysisperformsa measuremenof the massdifferencesof theseres-
onancego the AZ massand of the correspondinglecaywidths. The A (2595 massshapeis
affectedby kinematicalthresholdeffectsin theresonansubdecay\{ (2595 — (2455 which
leadto amasswhich is approximately3 MeV/c? lower thanthe previously measuredalues.This
analysisusesthe highestnumberof signaleventsfor all the resonancesvhich leadsto the most
accuratevaluesof the Al (2595 andA{ (2625 properties[1§

5. Observation of the resonant structure of the AQ — Af m~rrt m~ decay mode

CDF reconstructed signalof 848+93 A) — A " - candidatesvith Af — pK=7r" in
2.4fb~1 of data(Figure3). In the A2 — At m- samplewe reconstructedhe resonantiecay
modes: A — Ac(2595 1T (46.6:9.7 candidates)\Y — A(2625 T (114+13 candidates),
N — Z¢(2459 T m (8115 candidates)and A — 5.(2455°m" - (41.5£9.3 candidates)
(Figure 3). We measuredhe relative branchingfractionsof the resonant\] decaymodes(Table
1), by usingthe signalyields estimatedy perfomingfits of the massdistributions (Figure 3) and
relative efficiency factorsestimatedvith MonteCarlo. Themainsource®f systemati@rrorsderive
from theuncertaintie®nfits of thedataandfrom theuncertaintie®nrelatie efficienciesestimated
with the Monte Carlo simulation. The main uncertaintieon the fits of the dataderive from the
uncertaintieof the backgroundnodelsandfrom the resolutionmodelusedin the modelof the
resonansignals,andfrom the uncertaintyon the contritutions of the Cabbibbosuppressedecay
modes.The mainuncertaintieglueto the relative efficienciesderive from the uncertaintieon the
N, Ne(2595 ", andA¢(2625 " resonanstructure from the averageof therelative efficiengy for
the AQ — A$p°m andA® — At decaymodeswhich arenot separatedh this analysis,
from the unknavn /\8 and/A\/ polarisationsfrom the uncertaintyon the/\g productiontranserse
momentumdistribution, andfrom the uncertaintyon the AQ andA{ lifetimes. More detailsabotu
this analysiscanbefoundin [17].

6. b hadron lifetime measurement in the J/m decay modes

CDF has performeda new b hadronlifetime measurementising the decay modesB® —
J/PK*, B — J/yK?, B — J/PK*, andAJ — J/@A reconstructedn 4.3 fo~! of datacol-
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Table 1: Measuredelative BranchingFractionsof theresonan\) — A¢ - decaymodes.
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Figure 3: (Top row, first from left) /\8 — At candidatesmassdistribution; (Top row, second
from left) A) — A¢(2595*m and A2 — Ac(2625 T candidatesn a +30 A masswindow (o = 16
MeV/c?); (Top row, third from left) AQ — 5(2455 "~ candidatesn a 30 AJ masswindow; (Top
row, fourth from left) AQ — 5.(2455°m" -~ candidatesn a +30 A masswindow; (Bottom row, first
from left) /\8 — A{ " candidatesnassdistribution with a veto on the charmbaryonresonatdecay
modes;(Bottom row, secondirom left) AQ — A$ - candidatesnassdistribution in the A¢(2595)*
and/\¢(2625* masswindow; (Bottom row, third from left) AQ — Afm " candidatesnassdistribu-
tion in the =¢(2455 " masswindow; (Bottom row, fourth from left) A — A m m"m candidatesnass
distributionin the = (2455° masswindow.

lected by the dimuon trigger, which has no biasing effect on the obsered propertime distri-
bution. Signal samplesof ~45,000B", ~29,000B°, and~1,700A? are reconstructed. The
analysisconsistesof a maximum/likelihood fit that usesinformation from mass,properdecay
time and properdecaytime errorto extract the lifetime of the hadrons. The useof similar final

statesand a unified analysisstratgy allow partial cancellationof certainsystematicuncertain-
tiesin thelifetime ratios. The measuredifetimes arethe currentlymostprecisedeterminatiorof
the B*, BY and A lifetime. The measuredraluesare ct(B+)=491.4:2.6(stat }:2.6(syst.) um,
c1(B))=451.7-3.0(stat }-2.5(syst.)um, andct(A2)=460.8:13.4(statx-4.1(syst) um. [18]
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7. Conclusions

In this paperwe reviewed the mostrecentresultsin the field of B baryonsat CDF and DO.
Theseincludethe obserationof the Q,, =, £, andZ};, andthe reconstructiorof the new /\8 —
A decaymode,andthenev measurementf b hadronlifetimesin theJ /¢ modes.
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